Both B-and T-cell immunogenicity of a chlamydial 75-kDa protein was analyzed by using 131 partially overlapped decapeptide homologs of the 75-kDa protein from Chlamydia trachomatis serovar L2. Six rabbit antiserum specimens raised with serovars B, C, and 12 were used to assay the antibody reactivities of the decapeptides. Seventy-five of the 131 decapeptides were recognized by at least one antiserum specimen, and two peptides were found to be immunodominant and surface accessible on native organisms. The same set of decapeptides were cleaved from the pins and tested for their T-cell-stimulating activity in an in vitro proliferation assay. A single decapeptide was able to stimulate proliferation of chlamydial antigen-primed lymph node T cells from BALB/c mice.
Recent studies have substantially advanced understanding of the antigenic properties of Chlamydia trachomatis. This knowledge is of importance in elucidating the immunopathogenesis of chlamydial disease and in the development of immunoprophylaxis. A chlamydial protein with a mass of approximately 75 kDa has been found to commonly induce immune responses in naturally infected humans, and recent genetic investigations indicate that the 75-kDa protein is highly conserved among different serovars and is related to the heat shock protein 70 (hsp70) family (1, 4, 8) . Monospecific rabbit antisera raised against the cloned 75-kDa recombinant protein were found to bind to native chlamydial organisms and neutralize the infectivity of two distinct serovars in cell culture (4) . Because of these properties we evaluated the antigenic properties of the 75-kDa protein by using synthetic peptides.
C. trachomatis serovars B (TW5/OT), C (TW3/OT), and L2 (434/BU) were propagated in HeLa 229 cells, and the elementary bodies (EBs) were purified as described previously (10, 11) . Purified EBs were used to raise rabbit antisera or used as antigen to adsorb antisera.
The amino acid sequence of the serovar L2 75-kDa protein as deduced from the DNA sequence (1) was used to synthesize 131 decapeptides with five overlapping residues (7). A tripeptide (D-P-G) containing a formic acid cleavage site (D-P bond) was included at the C terminus of each decapeptide linking the peptide to polyethylene rod (12) . After use for B-cell epitope mapping, peptide pins were cleaved with formic acid by placing the dried peptide pins onto a microtiter plate with each well filled with 0.2 ml of 70% formic acid (Sigma Chemical) and incubating them for 20 h at 37°C in a sealed container (12) . The solvent was removed by vacuum evaporation, and dried residues were resuspended in phosphate-buffered saline (PBS), pH 7.4. These preparations were used in the T-cell proliferation assay. Each of two control decapeptides which have difficult coupling residues was recovered at a concentration of up to 10 ,ug following formic acid cleavage. Only 1 of 131 decapeptides derived * Corresponding author.
from the 75-kDa sequence contained an internal D-P-G formic acid cleavage site.
To determine whether rabbit antisera contained antibodies to the 75-kDa protein, 11 rabbit antiserum specimens were tested in an immunoblot analysis. Figure 1 shows that the 75-kDa protein is one of the three major antigens recognized by rabbit antisera. We selected six rabbit antiserum specimens on the basis of their strong immunoblot binding and assayed their immunoreactivity with the decapeptide homologs in a solid-phase peptide enzyme-linked immunosorbent assay (Fig. 2) . The number of decapeptides reactive with antibody ranged from 10 in rabbit number 6 to 50 in rabbit number 5 (both immunized with L2) (Fig. 2A) To determine whether immunogenic sequences were surface accessible to antibody binding on native organisms, pooled antisera were preadsorbed with EBs. The immunoreactivity of pooled antisera prior to adsorption was similar to that of individual antisera (compare Fig. 3A with Fig. 2D ). Pooled antisera were preadsorbed with either viable or acetone-fixed EBs from serovar B (Fig. 3B ) or serovar C (Fig. 3C ). Most antipeptide antibodies were removed or significantly reduced by adsorption with acetone-fixed EBs from either serovar B or C, indicating that the immunogenic regions of the 75-kDa sequence are conserved between these two serovars. Antibodies specifically binding to decapeptides 33 and 80 were selectively adsorbed by EBs of either serovar, suggesting that these two sequences are also surface exposed on EBs of both serovars. HeLa cell debris alone or fixed with acetone failed to remove any antipeptide antibodies (Fig. 3D ). Pooled sera from three nonimmunized rabbits failed to significantly bind to 75-kDa protein decapeptide homologs (Fig. 3E) .
Subsequently, the same set of decapeptides was subjected to formic acid cleavage to generate free decapeptides for use in a T-cell proliferation assay. Female BALB/c mice, 7 to 8 Figure 4 shows the T-cell responses to 131 decapeptide homologs of chlamydial 75-kDa protein sequences. A single decapeptide (peptide number 57 with the sequence Q-P-F-I-T-I-D-A-N-G) significantly stimulated both recombinant 75-kDa protein (Fig. 4A ) and whole chlamydial EB-primed BALB/c lymph node T cells (Fig. 4B) . None of the 131 peptides stimulated a significant proliferation response when T cells primed with CFA alone were used (Fig. 4C ). The potential biological relevance of the 75-kDa chlamydial protein is suggested by its large degree of sequence similarity to members of the hsp7O family (3) and its preferential transcription during heat stress of chlamydial organisms (5). Like other hsp70 proteins, the chlamydial 75-kDa protein may assist in the export of outer membrane proteins and remain loosely associated with these proteins after export. This hypothesis accords with the following observations: antibody to the 75-kDa protein coprecipitates a 40-kDa protein which may be the major outer membrane protein (5); the 75-kDa protein is principally distributed within the cytoplasm of reticulate bodies (1); and certain antigenic sites of the 75-kDa protein are surface exposed on EBs (present study).
The 75-kDa chlamydial protein frequently elicits immune responses in naturally infected humans (2) and was found to be highly immunogenic, constituting one of the three principal chlamydial antigens recognized by experimentally immunized outbred rabbits. At least 75 of a potential 131 decapeptides from the protein were found to be immunogenic, and immunogenic regions appeared to be randomly distributed throughout the entire sequence. This is noticeably different from the immunogenic profile of the major outer membrane protein (13) (14) (15) . Two peptides, located at decapeptides 33 (G-R-I-A-G-L-D-V-K-R) and 80 (S-C-G-I-E-T-C-G-G-V), were identified as immunodominant. These two epitopes also appeared to be surface exposed, as demonstrated by the adsorption experiment.
We compared the inferred amino acid sequences of the three reported chlamydial 75-kDa protein sequences with the bovine hsp70 sequence (3) . The bovine protein is composed of two domains: an amino-terminal fragment containing ATPase activity and a carboxy terminus apparently functioning as a protein recognition domain. The ATPase fragment has been crystalized, and its three-dimensional structure has been elucidated (6). The chlamydial 75-kDa protein shows high sequence homology with bovine hsp70, and the surface-exposed B-cell epitope (G-R-I-A-G-L-D-V-K-R) may be located near the ATP hydrolytic site if the chlamydial protein has structural similarity to the bovine hsp70 ATPase domain.
We also used synthetic peptides to map potential T-cell sites on chlamydial hsp70. Van der Zee et al. (12) reported that the multiple short peptides could be detached from their solid phase by incorporation of a formic acid cleavage site at the C terminus of each peptide to generate free peptides which could subsequently be used for mapping T-cell epitopes. By this approach, a single peptide was found to be able to stimulate a significant proliferation response of chlamydial antigen-primed T cells but not of control T cells. It may be that few T-cell sites exist on this protein because of extensive sequence homology with a host protein. In summary, the modified pepscan method is a convenient technique for analysis of protein immunogenicity, allowing for evaluation of both B-and T-cell epitopes with a single synthesis. Application of this technique to resolve the immunogenicity of the chlamydial 75-kDa protein provided potentially useful information for evaluating its potential in vaccine development.
